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Material for molded article and film having liquid or gas barrier property, nnethod for producing the 
same and use of the same. , . 

Disclosed are a material for a molded article and film having liquid or gas barrier property, comprising at 
least one selected from the group consisting of a polyamide resin and a resin mixture containing a polyamide 

ljf5 resin, and a layered si/fcate uniformly dispersed therein; methods for producing the same; and use of the same. 

POThe material of tinis invention is useful for molded articSe and film having liquid or gas barrier property, more 

Q particularly for a molded article to be used for fluid treatment such as delivery of fluid, storage or filtration of 
fluid, etc. such as tube, tank, strainer, various covers, etc., and polyamide film liaving excellent gas barrier 

g*property, transparency, slippage characteristic as well as rigidity necessary for post-working such as lamination, 
printing, bag-making, etc. 



Xercx Copy Centre 



BNSDOCIO: <EP__035$41SA1J_> 



EP 0 358 415 A1 



Material for molded article and film having liquid or gas barrier property method for producing the 

same and use of the same 



BACKGROUND OF THE INVENTION 



This invention relates to a materia! for molcfed article and film having liquid or gas barrier property. 

5 more particularly to a material for molded article having liquid or gas barrier property to be used for fluid 
treatment such as delivery of fluid, storage or iiltration of fluid, etc. such as tube, lank, strainer, various 
covers, etc., and a material for polyamtde film having excellent gas barrier property, transparency, slippage 
characteristic as well as rigidity necessary for post-working such as lamination, printing, bag-making, etc., 
and methods for producing these materials. 

10 Poiyamide resins have been widely utilized as injection and extruding molding materials for parts 
particularly of automobiles and electrical goods, because their molded articles have excellent mechanical 
properties. 

However, polyamtde resins have the property of permitting liquids or gases particularly such as water, 
alcohols, Freon gases, gasoitne, etc. to permeate therethrough, posing various problems due to this 
76 property. For example, when a tube made of nylon is used as the Freon tube concerned with a freezing 
device, Freon is permeated therethrough, whereby there ensues the problem that the Freon within th© 
device will be reduced; when a tank made of nylon is used as the brake tank in the field of automobiles, 
there is the problem that water will ije incorporated into the brake fluid; and when a tank made of nylort is 
used as the gasoline tank, the problem occurs Hiat water is incorporated into gasotme. Also, even when a 
20 gasoline tank consisting of two or more layers of polyethylene and nylon may be used, If the nylon layer is 
too thin, gasoline still permeates therethrough, whereby a problem may be caused which does not comply 
with environmental pollution regulations, etc 

For solving such problems, there have been made attempts to satisfy the standards by superposing a 
plurality of layers of resins with different barrier properties from each other. However, these also involve 
25 such problem that the steps for producing molded articles are complicated, and also that stifl no fully 
satisfactory barrier property can be obtained. 

The molded article of me poiyamide resin of the prior art has various problems due to permeation of 
liquid or gas as described above. 

While the molded articles of poiyamide resins have been used as described above, poiyamide films 
30 have been used mainly in the field of food packaging because of various excellent characteristics such as 
transparency, pinhole resistance, gas barrier property, heat resistance and oil resistance, etc. 

Such poiyamide films may be classified into unstretched films and stretched films. Poiyamide films, 
which are inferior in water vapor barrier property and heat sealability, are frequently used as the film 
laminated with polyoiefins by such means as co-extrusion or lamination. 
35 In recent years, further improvement of gas barrier property has been demanded in food packaging, 
and the gas barrier property of poiyamide films cannot be said to be sufficient depending on the use. 
Particularly, under highly humid conditions, the gas barrier property of poiyamide films will be noticeably 
lowered. For this reason, there have been practiced co-extrusion molding of ethylene-vlnyi alcohol 
copolymer (HVOH) excellent in gas barrier property with poiyamide, or coating of polyvinylidene chloride 
4o (PVDC) with good gas barrier property on the surface of poiyamide film. However, not only because such 
EVOH and PVDC are expensive, but also partly because of increased cost in aspect of installations by 
increased layer constitutions of co-extruded films and provision of a coating line, etc., the demand cannot 
be satisfied also in aspect of cost. 

Further, in poiyamide film, particularly nylon 6 film, the slippage characteristic and firmness (rigidity) will 
45 be lowered by moisture absorption under environment of high humidity. Such lowering in rigidity may bring 
about troubles during post-working such as lamination step, printing step, bag-making step, etc. and its 
improvement has been strongly demanded. 

Of the above film characteristics, as the method for improving slippage characteristic, there have been 
known the method to add metal soaps, bisamides, polyoiefins, inorganic particles, etc., and among them 
50 addition of inert inorganic particles such as silicon dioxide, talc, kaolin, etc. is effective and practically 
applied. However, it is very difficult to improve towering in rigidity of poiyamide film by moisture absorption. 
For example, addition of talc or glass fibers will result in lowering in transparency and pinhole resistance, 
and also addiaon of a modified polyolefin and an ionomer resin will which are low in moisture absorption 
still not only impair transparency, but also bring about lowering in gas barrier property and rigidity. 

2 
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SUMMARY OF THE INVENTION 



Accordingly a first object of the present invention is to solve the probiems as menttoned above and 
5 provide a matedal for molded article of which molded article has excellent liquid or gas barrier property. 
Further, a second object is to provide a material for polyamide film having excellent gas barner property, 
transparency and slippage characteristic, and also having rigidity necessary for lamination, printing and bag- 
making. 

The present inventors have found that, by formulation of a layered silicate into a polyamfde resin, while 
70 retaining or improving excellent mechanical and heat properties possessed by the polyamide resin, further 
gas barrier properties (permeation preventive properties) to oxygen or gasoline more excellent as compared 
with other resins hitherto possessed can be more improved and. also the relatively inferior drawback of 
readiness in permeation of water or alcohols can be improved, to accomplish the present invention. 

The material for molded article and film having liquid or gas barner property of the present Invention (S 
J5 a mixture' containing a polyamide resin or a resin mixture containing a polyamide resin and a layered 
silicate uniformly dispersed therein. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

20 



In the following, the present invention is described in detail. 

The polyamide resin or the resin mixture containing a polyamide resin which constitutes the material for 
molded article and film of the present invention (hereinafter sometimes abbreviated as the component (A)) 
25 is first described. 

The polyamide resin is one having an add amide bond (-CONH-} in the molecule, as exemplified by 
polymers or copolymers obtained from t-capro!actam. 6-aminocaprocc acid, w-enanth lactam, y-aminohep- 
tanoic acid, 11-aminoundecanoic acid, 9-anninononanoic acid, a-pyrrolidone. a-piperidone and the like; 
polymers or copolymers obtained by polycondensation of diamines such as hexamethylensdtamine. 
30 nonamethylenediamine. undecamethylenediamine, dodecamethylenediamine. metaxylylenediamine and the 
like with dicarboxylic -acids such as terephthalic acid, isophthallc acid, adipic acid, sebacic acid and the like, 
or blends of these. 

The polyamide resin of the component (A) should be preferably one having an average molecular 
weight of 8,000 to 30,000. 

35 As other resins to be used in the case when the component (A) is a mixture of a polyamide resin and 
other polymers, there may be included polypropylene, ABS resin, polyphenylene oxide, polycarbonate, 
polyethyieneterephthalate, polybutyieneterephthalate. etc. 

When the component (A) is made of a nnixture. it is preferred that the content of the polyamide resin 
should be 40 % by weight or more. 
40 The component {B) is a layered silicate. The component (8) is a component which contributes to 
imparting excellent liquid or gas barrier property to the material for molded article. 

As the layered silicate, one shaped in a fiat plate having one side of 0.002 to 1 nm and a thickness of 6 
to 20 A is preferred. 

The layered silicate when dispersed in the component (A) should be preferably such that individual 
45 layers maintain an Interlayer distance of 20 A or longer on an average and dispersed uniformly. Here, the 
interSayer distance refers to the distance between the gravitational centers of fiat plates of the layered 
silicate, and uniform dispersion refers to the state wherein 50 % by weight or more, preferably 70 % by 
weight or more of the layered silicate is dispersed without formation of local lumps with each sheet of 
layered silicate or multi-layers with average lamination of not more than 5 layers being dispersed in parallel 
so or randomly, or under the state wherein parallel and random states exist in a mixture. 

As the starting material for such layered silicate, there may be included layered phyllosriicate minerals 
constituted of magnesium silicate or aluminum silicate. Specific examples may include smecUte type clay 
minerals such as montmoriilonite, saponite. biderite, nontronite. hectorite, stevensite. etc., vermiculiite. 
halloysite. etc. These may be either natural or synthetic. Among them, montmoriilonite is preferred. 
55 The amounts of the component (B) formulated may be preferably 0.05 to IS parts by weight, more 
preferably 0.1 to 10 parts by weight based on 100 parts by weight of the component (A). If the formulation 
ratio of the component (B) is less than 0.05 part by weight, the Improvement effects of liquid or gas barrier 
property, slippage characteristic and rigidity are small, while if it exceeds 15 parts by weight, the molded 
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article becomes worsened in impact strength and tensile elongation at break, and also transparency of the 
film is lowered to impair undesirably the excellent characteristics inherently possessed by the polyamide 
resin. 

Wtien the materlai of the present invention is a material for molded article, dyes, pigments, Hbrous 
5 reinforcing materials* particulate reinforcing materials, piasticizers. heat-resistant agents, foaming agents 
and fiame retardants, etc. can be fornnulated therein suitably in appropriate amounts depending on the 
purpose. 

As the constituent of the polyamide film of the present invention, there can be otherwise formulated, if 
necessary lubricants, antioxidants, heat resistance stabilizers, weattiering resistance imparting agents, 
10 antistatic agents, transparency improvers, etc. 

The process for preparing the material for molded article and film of the present invention is not 
particularly fimited, but, for example, the following processes may be applicable. 

When the starting material of the layered silicate of the component (B) is a multi-layered ciay mineral, 
there can be also employed the process in which it is contacted with a swelling agent to expand previously 
15 the interlayer distances, thereby malcing monomers readily incorporatable between the layers, and then the 
polyamide monomer is mixed and polymerized (see U.S. Patent No. 4,739.007). Further, it is possible to 
apply the process in which the polyamide composition containing the layered silicate at high concentration 
is prepared, and the composition is mixed with the polyamide containing no layered silicate. 

The reason why the molded article obtained from the materia! for molded article of the present 
20 invention exhibits fiquid or gas barrier property is not clear, but it may be considered that microscopic 
dispersion of the layered silicate in the polyamide resin may have the action of interfering with the pathway 
of liquid or gas. 

The material for molding of the present invention is applicable for various uses requiring liquid or gas 
barrier property. Examples of applicable uses may include gasoline tank, alcohol tank, fuel tube, fuel 
ss strainer, brake oil tank, clutch oil tank, power steering oil tank, Freon tube for cooler, Freon tank, canister, 
air cleaner, intake system parts, etc. 

The method for molding into a film is not particularly limited, but the polyamide film of the present 
invention can be formed into either a stretched film or an unstretched film. 

As the method for molding an unstretched film, there can be applied various methods, such as tfie 
30 casting method {T-die method) in which the polyamide formulated with the layered silicate is extruded 
through an extruder at an extrusion temperature of 200 to 300 *C. extruded into a film through a T-die and 
the cast film is cooled on the casting roll surface, or the tubular method in which the product extruded in 
cylindrical shape through a ring-shaped die is cooled with air or water. 

As the method for molding a stretched film, it is possible to apply the metttod in which the unstretched 
35 film molded by the casting method or the tubular method is monoaxiafly or biaxially stretched at a 
stretching temperature of 50 to 180 'C, and, if necessary, thermally fixed at a temperature of 120 ' C or 
higher and lower than the melting point. When carrying out biaxial stretching, the tenter method biaxial 
stretching method or the tubular method biaxial stretching method known in the art may be applicable. 
The polyamide film of the present invention can be also formed Into a laminate comprising the 
40 polyamide film containing the layered silicate uniformly dispersed therein as described above and a 
polymeric film other than that. 

As other polymeric films, there may be included tow density polyethylene film, high density polyethyl- 
ene film, polypropylene film, ethylene-vinyl acetate copolymer film, ionomer resin film, etc. 

The method for forming the polyamide film into a laminate is not particularly limited, but for example, 
45 there can be applied the method in which the polyamide film and one or two or more polymeric films are 
bonded together with an adhesive; or alternatively the method in which the polyamide and the polymeric 
compound constituting one or two or more other polymeric films are melted and co-extruded through a 
multi -layer orifice through an adhesive resin. 

The polyamide film of the present invention can exhibit excellent gas barrier property and rigidity even 
50 in a high humidity atmosphere, since the layered silicate exists within the film under the state uniformly 
dispersed therein. 

Next, methods for producing polyamide composite material to be used in such uses as described 
above are to be described. 

In the prior art. for the purpose of improving mechanical characteristics of organic polymeric materials, 
55 there have been investigated addition and mixing of inorganic materials such as glass fibers, calcium 
carbonate, silicate, mica, etc. 

As one of them, inventors including one of the present inventors have found previously Uiat by 
polymerizing a polyamide monomer in the presence of a clay mineral, the polyamide and the layered 
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silicate constituting Ihldy mineral are conjugated on motecular^fel to give a composite material 
excellent in mechanical strength and heat resistance {see U.S. Patent No. 4,739,007). 

Further, inventors including one of the present inventors also investigated about the process for 
producing the above composite material excellent in mechanical strength and heat resistance and proposed 
a preparation process according to the steps of 3 stages (see U.S. Patent No. 4.810,734). This production 
process has the contacting step of contacting a silicate and an organic cation having carboxyl group which 
is the swelling agent in a dispersing medium such as water, etc. to obtain a composite having the property 
of being swelled with the monomer at the melting temperature of the polyamide monomer or highet with the 
condition containing the dispersing medium; then the mixing step of mixing the composite with the 
polyamide monomer: and further the polymerization step of polymerizing the polyamide monomer in the 
mixture by heating the mixture. 

However, in this production process, the swelling temperature is required to be set at higher than room 
temperature as 80 ' C in the above contacting step, whereby increase of production cost and lowering in 
production capacity will be brought about, and therefore there remains room for further improvement. 

As described above, in the production process of a polyamide composite material excellent in 
mechanical strength and heat resistance having the steps of contacting, mixing and polymerization, because 
the treatment in the contacting step is required to be conducted at high temperature, there are involved 
problems such as increase of production cost or lowering in production capacity, etc. 

Next, a preferable embodiment of the process for preparing the material for molded article and film 
having liquid or gas barrier property of the present invention is to be described in detail. 

According to the preferable embodiment, a polyamide composite material having further excellent 
mechanical strength and heat resistance as compared with the polyamide composite material of the prior 
art can be obtained economically and efficiently. 

The preferable process for preparing the material of Ih© present invention is characterized by having 
the steps ofi - 
contacting a layered silicate with a cation exchange capacity of 50 to 200 milliequivalents/lOQ g with an 
organic cation of a lactam which is the swelling agent in a dispersing medium, thereby obtaining a 
composite having the organic cation of the above lactam adsorbed onto the above layered silicate, 
mixing the above composite with a polyamide monomer, and 

polymerizing the polyamide monomer in the mixture obtained in the above mixing step. 

In the following, the preferable process for preparing the material of the present invention is described 
for each step. 

First, the treatment of the contacting step is carried out. The contacting step is the step of contacting a 
layered silicate with the organic cation of a lactam which is the swelling agent under room temperature in a 
dispersing medium, thereby obtaining a composite having the swelling agent adsorbed onto the above 
silicate. 

The layered silicate to be used in this step has a cation exchange capacity of 50 to 200 
milliequivalents/100 g. If the cation exchange capacity is less than 50 milliequivalents/1 00 g, the exchange 
adsorption of the swelling agent cannot be sufficiently effected, whereby the desired composite material can 
be obtained with difficulty. If it exceeds 200 milliequivaients/100 g. the bonding force between layers 
becomes too firm and therefore the desired composite material of the present invention can be obtained 
with difficulty. 

The layered silicate should be preferably adjusted previously to the desired shape and size by carrying 
out crushing treatment by means of mixer, ball mill, vibration mill, pin mill, jet mill, grinder, etc. 

The organic cation of lactam which is the swelling agent has a role to expand the interiayer distances of 
the layered silicate and a role to give a force to incorporate the polymer to the layered silicate. The organic 
cation of lactam is a cation represented by the following formula: 

H * 0 



X N- 



L-R-J 

Here, X is generally H or CHa. the group R is an alkylene group generally represented by the formula - 
(CH2)„-, but of course these are not limitative of the present invention. The organic cation of lactam can be 
used as a single kind, and also two or more kinds can be used in combination. Specific examples of the 
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organic cation of iactam may include those derived from the lactams shown below. 

0 

^ ^ ^ a-pyrrolidone 

i ( C H 3 1 



0 

C H 3 N C 



1 ( C H ,) n 1 



H N ■ 



N-methyl-2-pyrrolidone 



S-vaierolactam 



' ( C H i 



0 

H N ~C 

C C H a). 



C H 3 N ■ 



' ( C H ,}5 i 



£-capro'iaGtam 



N-methyicaprolactam 



co-enanthlactam 



H N ^ C 

' ( C H 1 

The amount of the organic cation of lactam as the swelling agent used may be preferably 5 to 1 00 parts 
by weight based on 100 parts by weight of the layered silicate. If it is less than 5 parts by weight, it 
becomes difficult to adsorb the polyannide monomer onto the layered silicate, while an amount in excess of 
100 parts by weight is not desirable, because the swelling agent is incorporated as the nonuniform 
component into the composite materia! when the swelling agent and the polyamide monomer are different 
to lower the mechanical strength of the composite material. When the swelling agent is used as such also 
as the polyamide monomer, it is necessary to determine the amount by also taking the amount as the 
polyamide monomer into account 

The dispersing medium performs the action of making contact with the swelling agent easier by 
dispersing the layered silicate. The dispersing medium can be determined suitably depending on the kind 
of the layered silicate, but one which can disperse uniformly Uie layered silicate and is well compatible with 
the swelling agent and the polyamide monomer- 
Examples of the dispersing medium may include water, methanol, ethanol, propanol, isopropanol, 
ethylene glycol, 1,4-butane dioi, glycerine, etc. The dispersing medium can be used as a single kind, and 
also two or more kinds can be used in combination. 

The amount of the dispersing medium used may be preferably 5,000 parts by weight or lower based on 
100 parts by weight of the composite obtained in the contacting step. If the amount of me dispersing 
medium employed exceeds the above 5.000 parts by weight, it will take undesirably a long time for flowout 
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of the dispersing mediur^rom the composite material in the polymerization step. 

As the method for contacting the layered silicate with the organic cation of lactam, there can be applied 
the method in which the layered silicate is immersed in the dispersing medium containing the organic 
cation of lactam and then the layered silicate is washed to remove excessive organic cation of lactam, or 
5 the method in which the cation exchange resin previously exchanged with the organic cation of lactam is 
contacted with a suspension of the layered silicate in the dispersing medium to effect ion exchange- 

The temperature during the contact is not particularly limited, but since the organic cation of lactam 
excellent in solubility in water is used as the swelling agent in the present invention, the desired composite 
can be obtained also when contact is effected under room temperature. 
10 By the treatment of such contact step, a composite comprising the layered silicate and the organic 
cation of lactam containing the dispersing medium can be obtained. This composite has the property of 
being swelled with a polyamide monomer under molten state and/or the property of being sweiled with a 
mixture of the polyamide monomer and the dispersing medium. Swelling as mentioned in the present 
invention refers to penetration of the monomer under molten state or the mixture of the monomer and the 
IS dispersing medium between the layers to expand the layers {namely the state of swelling). The driving force 
of such swelling phenomenon may be considered to be the affinity force between the cation and the 
monomer under molten state or the monomer and the dispersing medium. 

A part or all of the dispersing medium may be removed from the composite obtained in the contacting 
step, if necessary, prior to being subjected to the subsequent step. 
20 Next, the treatment of the mixing step is carried out. This mixing step is the step of mixing the 
composite obtained in the foregoing contacting step with a polyamide monomer. 

The mixing method is not particularly limited, which can mix uniformly the both components. 
Examples of the polyamide monomer to be used in this step may include amino acids such as 6- 
amtno-n-caproic acid, l2-aminofauric acid and the like,, lactarns ,such as a-pyrrolidone, e-caprolactam, 
25 lauriniactam and the like. 

The amount of the polyamide monomer used should, b0 , preferably determined in connection with the 
contents of the polyamide and the layered silicate in . the. composite material finally obtained. More 
specifically, it Is preferred that the polyamide should be fornriuliated so that the layered silicate may be 0.05 
to 150 parts by weight based on 100 parts by weight of the pQlyacnjde. 
30 A content of the layered siilcate being less than 0.05 part by weight in the composite material . is not 
desirable, because no sufficient reinforcing and packing effect, can be obtained. On the other hand, an 
amount in excess of 150 parts by weight is not desirable, because it makes the content of the polyamide 
relatively smaller, whereby only intertayer compound powder is obtained and this can be utilized as the 
molded product with difficulty. 
35 As the next step, the treatment of the polymerization step is carried out. This polymerization step is the 
step of obtaining the composite material by polymerizing the polyamide monomer in the mixture obtained in 
the above mixing step. 

The polymerization method and the polymerization conditions may differ depending on the kind of the 
monomer, but no special method and condition is required, but known polymerization method and 
40 conditions can be applied. 

Also, in the polymerization step, various polymerization catalysts, polymerization accelerators, etc. can 
be added, if necessary. 

The composite material thus obtained comprises a polyamide and a layered silicate uniformly dispersed 
in the polyamide, and the layered silicate has a thickness of layer of 7 to 12 A, with an interlayer distance 
45 of silicate of 20 A or longer, and comprises the polymer chains of the polyamide and the layered silicate ion 
bonded together. The intertayer distance refers to the distance between the gravitational centers of the fiat 
plates of the layered silicate. 

The composite material obtained according to the preparation process of the present invention can be 
utilized by molding according to direct injection molding, extrusion molding or heating pressurization 
50 molding, etc. Also, a molded product can be obtained by carrying out the polymerization reaction in the 
above polymerization step in a given mold. 

Further, the folowing preparation process is more preferable, because the preparation step of the 
composite in the above preparation process and the treatment of the mixing step of polyamide monomer 
can be practiced in one step. 
55 More specifically, a more preferable process for preparing the material of the present invention is 
characterized by having the steps of: 

mixing a layered silicate having a cation exchange capacity of 50 to 200 milliequivaients/100 g, a compound 
which becomes a swelling agent through the action of an acid, a polyamide monomer and an acid with pKa 
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value of 0 to 3 fn a dispersing medium, and 

polymerizing the pofyamide monomer In the mixture obtained in the above step 

descJlbed/'""''*"^' '""^ """'^ '''' '''^^''""9 the material of the present invention is to be 



30 



Hrst, the treatment of the mixing step is carried out. This mixing step Is a step of contactinn a lavered 
g.vmg the force of mcorporating the poiyamide monomer, finally the polyamide to the lavered silLte iln 

z::.^:^:^::^^ -''-^ - used^xvr^^^^^^^^^^ 

may^eTrde^a" ri^^^^^^^^^ ^T^hr. 
(CH3).N(CH3)a. trimethyloctadeoylamlne CH N "nah an^^^^^^^^^ ToTl^'^T'^'T 

phenytenediamine HzNCcH^NHa, «-naphthvlamine /c,oH,NH i^n^^ T' Z ? ^^""^ ^' 

benzidine and therra^HcS^r as'4.rnr^^ 

am.no-n-caproic acid H.N(CH2)sC0OH, S-aminocaprylic acid H,N{CHr)JcoOH in 
%TohM^^'' 12-aminododecanoic acid H.N(CH.).COOH ^li^a^^^^^^^^^^^ 

^nSTe^; J /nd"T/"f 'T''" HaN(CH.),sCOOH. tS-aminocctadecanoic ac^ H,N CH^^S 
and the like, and «-launniactam represented by the following formula: sjituuun 
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As the dispersing rrWtmm, the same as in the above preferable em^roment can be used. 

The amount of the dispersing medium used may be preferably one so that the dispersing medium may 
be 100 to 5,000 parts by weight based on 100 parts by weight of the composite obtained in this mixing 
step. If the .amount of the dispersing medium used is less than 100 parts by weight, no uniform mixing of 
5 the composite and the poiyamide monomer can be performed, whereby the poiyamide monomer can be 
adsorbed onto the composite with difficulty. On the other hand, if it exceeds 5,000 parts by weight, it will 
ta!<e undesirably too long time for ffowout of the dispersing medium from the composite material in the 
polymerization step. 

The treatment method In the mixing step is not particularly limited, but for example, there can be 
10 applied the method in which the layered silicate. is immersed in the dispersing medium containing the 
swelling agent, the poiyamide monomer and the acid with pKa of 0 to 3, and then the layered silicate is 
washed to remove the swelling agent, or alternatively the method in which the cation exchange resin 
previously exchanged with cations of the swelling agent is contacted with a suspension of the layered 
silicate and the poiyamide monomer dispersed in the dispersing medium to effect ion exchange. 
15 The temperature during mixing is not particularly limited, and when the swelling agent is an organic 
cation of lactam excellent In solubility in water, the desired composite can be also obtained even when 
mixing and contact may be effected under room temperature. 

The subsequent potymerization step can be carried out in the same manner as in the preferable 
embodiment as described above. 
20 The present invention is described In more detail by referring to Examples. 



Example 1 

25 One hundred grams of montmorillonite with a thickness of one unit of layered silicate of 9.5 A on an 
average and an average length of one side of about 0.1 am were dispersed in 10 liters of water, then 51.2 g 
of 12-aminododecanoic acid and 24 ml of cone, hydrochforic acid were added and the mixture was stirred 
for 5 minutes, followed by filtration. Further, the filtered product was thoroughly washed and vacuum dried. 
By this operation, a composite of 12-aminododecanoic acid ammonium ion and montmorillonite was 

30 prepared. The content of the layered silicate in the composite became 80 % by weight. The distance 
between the silicate layers was found to be 18.0 A as measured by X-ray diffraction. 

Next, into a reaction vessel equipped with a stirrer, 10 kg of *-caproIactam, 1 kg of water and 100 g of 
the above composite were charged, and the mixture was stirred so that the reaction system became 
internally uniform at 1 00 ' C. Further, the temperature was raised up to 260 ' C. and the mixture was stirred 

35 under pressurization of 15 kg/cm^ for one hour. Then, the pressure was released, and while the water was 
evaporated from the reaction vessel, the reaction was carried out under normal pressure for 3 hours. After 
completion of the reaction, the reaction product taken out in strands from the bottom nozzle of the reaction 
vessel was water-cooled and subjected to cutting to obtain pellets comprising a poiyamide resin (average 
molecular weight 15.000) and montmoriilonite. The pellets were immersed in hot water to extract and 

40 remove unreacted monomer (about 10 %), followed by drying in vacuum, to give a material for molded 
article of the present invention. The interlayer distance of this material was measured by X-ray diffraction to 
be 1 00 A or longer. 

46 (Barrier property confirmation test) 

According to the method shown below, barrier properties to water and gasoline were tested. The results 
are shown in Table 1. 

50 

Barrier property to Freon 

First, the materia! for molded article was extrusion molded under the following conditions to prepare a 
tube with an outer diameter of 1/2 inch and a thickness of 1 mm. 

S5 

Extrusion molding conditions: 
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extruder: manufactured by Nippon Seikosho K.K. 
Screw diameter: 30 mm 

Cylinder setting temperature: C, 220 'C; C, 255 *C: C, 255 *C; die 250 'C 
Cooling conditions: water cooling system, water temperature 15 * C 

'0 weight thereafter was defined as the iniflal .aJue Next torTh» F^»„ ' ^Tf, k ' ^""^ 
24 f,o.rs as m total, at 23 'C for 2 C Jln^MOO "^^^^^^ ^^'"^ 
a^.he a.ou„.of .eon pe.,ea.d pe. .^,^1 da^o^ ^nX^as^Jr 0^1:1 

Sanrier property to water 

20 humidity Of 90 % at 40 'C for 10 davs orYome . . ^ ^ ^""osphera of a relative 

on an average was measured Umthang; of wtlgh, °' "'''^ 

Barrier property to gasoline 

ts 

SeKiXaKu KoCk KTa'd an~ : lltlr"^ "^f*^'^"^ '"''^^ ^^""^ manufactured by Mitsui 
botascflboutSO^^^i volLrof 6ol'r :^L«err Mitsui SeWyukagaku Kogyo K.K.). a 

(intemiediate layer)/molding matiirmT^T-a^^^Z Jl ^^^.''^ "'^^^ '°"«^'' '^ysO/Admer 
» was prepared by a three-layeTbTow molXa S^^^^^^ ""^ '^'"^"^^O-^ ""^ thickness 

the bottle was sealed and left tTZJ^T^ Z^^Zrl ° fo '^^or T °' 3^°""^- 

of the whole bottle, the arnourt of aasoUnToZ^S^r. , reduction in weight 

Since the amount if gasoline BerS^ thrrurthfbo«LT °'' 

lOO-fold or more than in the oase^n^trnShl L-^ conteinmg no inner layer as described above is 

i described above need not rz:'^^::^.'::^:^ - 

(Mechanical properties of injection molded article) 

striplfl'^^^'rernfof mLhS^rp'e*^^ Ts ZT? ''T'"' '° "'^'^^ 

were conducted. The results ^IHo^ta Se V. « 

In/ection molding conditions; 

Injection molding maciiine: IS-80, manufactured by Tosiiiba Kikai K K 
Cytmder setting temperature: C, 240 'C; Ca 250 ' C: C3 250%Yc; (nozzle) 250 *c 
Injection pressure: 600 kg/cm^ tnozsie; ^to Q 

Mold temperature: 88 ' C 
Injection time: 10 seconds 
Cooling time: 20 seconds 
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Elongation at break; ASTipb-638 
Flexural strength., ASTM-D-790 
Rexural modulus: ASTM-D-790 

All the tests were conducted under absolutely dry state at 23 * C. 
Example 2 

A molding mater taf was obtained in the same manner as in Example 1 except that the amotjnt of the 
composite prepared in Example 1 used was made 200 g, and further the respective measurements were 
conducted. The results are shown in Table 1. 



Example 3 

IS A molding material was obtained in the same manner as in Example 1 except that the amount of the 
composite prepared in Example 1 used was made SOO g, and further the respective measurements were 
conducted. The results are shown in Table i . 



20 Comparative example 1 

A molding material was obtained in the same manner as in Example l except that no montmoriilonite 
was used, and further the respective measurements were conducted. The results are shown in Table l. In 
the representations, smaller permeability indicates more excellent barrier property. 

2S 

Table 1 



35 





Example 1 


Example 2 


Example 3 


Comparative 
example 1 


Polyamide 6 (parts by weight) 


100 


100 


100 


100 


Montmoriilonite {parts by weight) 


0.89 


1.77 


4.44 




Permeability (mg/cm^'Day) 


Freon 


0.42 


0.25 


0.11 


0.57 


Water 


42.0 


31.8 


15.2 


60.9 


Gasoline 


0.09 


0,06 


0.03 


0.12 


Tensile strength (kg/cm^) 


850 


890 


980 


750 


Elongation {%) 


> 100 


> 100 


15 


> 100 


Flexural strength (kg/cm^) 


1,280 


1,340 


1.520 


1,100 


Flexural modulus (kg/cm^)) 


32.200 


35,400 


45,700 


25,000 



As is apparent from Examples 1 to 3 and Comparative example 1 , the molding material of the present 
invention can giye molded articles having excellent barrier properties to liquid and gas. 
so In the following Examples 4 to 9 and Comparative examples 2 to 4, the physical properties were 
measured according to the methods as described below. 



Molecular weight of polyamide 

Relative viscosity was measured by use of 98 % sulfuric acid according to JIS K6ai0-I970 to 
determine molecular weight { tvTn). 



11 



SNSOOCID; <eP_035841SA1 J_> 



EP 0 368 41S A1 



Transparency 

Haze value (haze ratio) of the fiJm was measured by means of a direct reading type haze meter 
manufactured by Suga Testing Machine K.K. according to ASTM 0-1 Q03. 



Oxygen gas pernneability 

Oxygen gas permeability was n:\easured by means of MOCON OXTRAN 100 A manufactured by 
10 Modern Control Co, according to ASTM D-3985-81 . 

The measurement conditions are 23 * C , 0 % RH and 100 % RH. 



Water vapor permeabitity 

75 

Water vapor permeabitity was measured by the cup method according to JtS Z-208. 
The measurement corditlons are 40 ' C and 90 % RH. 



20 Slippage characteristic 

By means of a slip tester manufactured by Rigaku Kogyo K.K., according to ASTM 0-1894-63, dynamic 
coefficient of friction (Ud) was measured under an atmosphere of 23 ' C and 65 % RH. 

26 

Tensile characteristics 

By means of Tensifon UTM-3 manufactured by Toyo Baldwin Co., tensile characteristics were mea- 
sured according to ASTM 0-882. As the method for evaluation of rigidity of the film, tensile modulus was 
30 employed. 



Getboflex test (pinhole resistance) 

35 Pinhole resistance of the film was evaluated according to Wt)L-B-131C by means of a gelboflex tester 
manufactured by Rigaku Kogyo K.K. After a ffex of 1,000 cycles was applied at 40 cycles/min., a rigid filter 
paper was placed under a film of 220 x 170 mm and the pinhole number was measured by the ink 
permeation method. 

40 

Dart ir n p a ct test (impact resistance) 

By means of a dart impact tester manufactured by Toyo Seiki K.K.. dart impact test was conducted 
according to ASTM D-1709. A dart of 38 mm in diameter weighing 250 g was used, and the destruction 
46 energy at the time of 50 % destruction was measured. 

Tensile test, gelboflex test and dart impact test were conducted under an atmosphere of 23 ' 0 and 65 
% RH. 



so Example 4 

One hundred grams of montmorillonite with' a thickness of one unit of layered silicate of 9.5 K on an 
average and an average length of one side of about 0.1 urn were dispersed In 10 liters of water, then 51.2 g 
of l2-aminododecanoic acid and 24 ml of cone, hydrochloric acid were added and the mixture was stirred 
55 for 5 minutes, followed by filtration. Further, the filtered product was thoroughly washed and vacuum dried. 
By this operation, a composite of 1 2-annmododecanoic acid ammonium ion and montmoritlonite was 
prepared. The content of the layered stUcate in the composite became 80 % by weight. The distance 
between the silicate layers was found to be 18.0 A as measured by X-ray diffraction. 
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Next, into a reactior^essel equipped witfi a stirrer, 10 kg of f-caprolactam. 1 kg of water and ISO g of 
the above composite were charged, and the mixture was stirred so that the reaction system became 
internally uniform at 100 ' C. Further, the temperature was raised up to 260 ' C, and the mixture was stirred 
under pressurlzation of 15 kg/cm^ for one hour. Then, the pressure was released, and while the water was 

5 evaporated from the reaction vessel, the reaction was carried out at 260 * C under normal pressure for 2 
hours, and further at 260 ' C under reduced pressure at 400 mm Hg for one hour. After completion of the 
reaction, the reaction product taken out in strands from the bottom nozzle of the reaction vessel was water- 
cooled and subjected to cutting to obtain pellets comprising a polyamide and montmorillonite. The pellets 
were immersed in hot water to extract and remove unreacted monomer {about 10 %), followed by drying in 

TO vacuum. 

By use of the pellets, kneading was performed by means of an extruder of 40 mm In diameter under 
the condition of a cylinder temperature of 260 ' C and the mixture was extruded through a T-die of 300 mm 
width into a film, which was solidified on cooling rolls of 80 * C to prepare a film witii a thickness of 60 H- 
The interlayer distance of the layered silicate contained In the film was found to be lOO A or longer. For this 
rs film, measurments of respective physical properties were conducted. The results are shown in Table 2. 



Example 5 

20 A film was prepared in the same manner as in Example 4 except that the amount of the composite 
placed in the reaction vessel in Example 4 was changed to 250 g, and its physical properties were 
measured. The interlayer distance of the layered silicate contained in the film was 100 A or longer. The 
results are shown in Table 2. 

25 

Example 6 

A film was prepared in the same manner as in Example 4 except that the amount of the composite 
placed in the reaction vessel in Example 4 was changed to 350 g, and its physical properties were 
30 measured. The interlayer distance of the layered silicate contained in the film was 100 A or longer. The 
results are shown in Table 2. 



Comparative example 2 

A film was prepared in the same manner as in Example 4 except that polymerization reaction was 
carried out by charging only 10 kg of e-caprolactam and 1 kg of water without charging the composite Into 
the reactor, and its physical properties were measured. The results are shown in Table 2. 



45 



so 
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Table 2 











Co m p ar at i ve 
example 2 


Polyamide 


Kind 


PA6 


PA9 


PA6 


PA6 


Molecular weight 


22,000 


21.000 


21,000 


22.000 


Montmorfllonite (% by weight) 


1.26 


2.16 


3.01 


- 


Transparency (%) 


1.6 


1.7 


2.0 


1.7 


Oxygen permeability (ml/m2*24hr) 


0 % RH 


28 


22 


17 


43 


100 % RH 


140 


102 


84 


191 


Water vapor permeability {g/m^/24hr) 


195 


151 


107 


273 


Slippage characteristic (y-o) 


0.8-1.0 


0.7-0,8 


0,5-0.7 


1 .5-2.0 


Tensile strength at yiold (kg/cm^) 


340 


370 


410 


250 


Tensile sf ength at break {kg/cm^) 


1.080 


1,060 


1,050 


1.170 


Elongation at break {%) 


570 


550 


480 


620 


Tensile modulus (kg/cm^) 


6,800 


9.500 


12,000 


5,000 


Gelboflex (pinhole number) 


1 to 3 


4 to 6 


7 to 9 


1 to 2 


Flim thicknesses are all 60 jx. and tensile characteristics were measured for MD. 



Example 7 

05 

The film obtained in Example 4 was stretched biaxially stmuJtaneousiy at a stretching temperature of 90 
'C to each 2.0-foId laterally and longitudinally by means of a polymer film biaxial stretching device BlX-702 
S Type for research manufactured fay Iwamoto Seisakusho, and further thermally fixed at 140 ' C to obtain 
a biaxially stretched film with a thickness of 15 u. The measurement results of the respective physical 
40 properties are shown in Table 3. 



Comparative example 3 

A film was obtained by stretching film obtained in Comparative example 2 in the same manner as in 
Example 7, and Its physical properties were measured. The results are shown in Table 3. 



so 
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Table 3 



IS 





Exam pie 7 


Comparative 
example 3 


Polyamide 


Kind 


PA6 


PA6 


Molecular weight 


22,000 


22,000 


Montmoriltonit6 (% by weight) 


1.26 




Transparency (%) 


2.7 


1,0 


Oxygen permeability 
(ml/m2*a4hr) 


0 % RH 


55 


80 


100 % RH 


172 


250 


Tensile strength at break (kg/cm=) 


2.100 


1.800 


Eiongation at breal< {%) 


160 


160 


Tensile modutus (kg/cm^) 


17.200 


13,700 


Film thicknesses are all 16 u, and tensile characteristics were 
measured for MD. 



30 Example 8 

To the pellets of Example 1 (containing 1,26 % of layered silicate) were added 0.08 % by weight of 
ethylenebisstearylamide. By use of this mixture, a film of a three-iayer structure of PA6 (outer iayer)- 
/adhesive resin (intermediate \ayef)JLDPB (inner layer) (20/20/30 ju) was obtained by means of a water- 

35 cooling three-layer inflation film molding device manufactured by Placo K.K. The adhesive resin is USE- 
BOND F1100 (manufactured by Ube Kosan K.K.), and LDPE is UBE polyethylene F023 (manufactured by 
Ube Kosan K.K.). The molding conditions are as shown below. 
Die diameter: diameter 1 00 mm 
Film flex diameter: 200 mm (B.U-R. " 1 .27) 

40 Take-up speed: 10 m/min. 

Cooling water temperature: 20 * C 
IMoiding temperature (set): 

PA6; 250 * C. adhesive resin: 200 * C. LDPE: 200 ' C 

The respective physical properties of the three-iayer structure film are shown in Table 4. 

45 

Example 9 

By use of the pellets of Example 5 (containing 2.18 % of layered silicate) to which 0.08 % by weight of 
so ethylene-faisstearylamide was added, a fitm of the three-layer structure was prepared in the same manner 
as in Example 8. The respective physical properties of the three-layer structure film are shown in Table 4. 



Comparative example 4 

By use of the pellets containing no layered silicate obtained in Comparative example 2 to which 0.08 % 
by weight of ethylene-bisstearylamide was added, a film of the three-layer structure was prepared in the 
Same manner as in Example 8. The respective physical properties of the three-iayer structure film are 
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shown in Table 4. 

Table 4 





Example 3 


Example 9 


Comparalive 
example 4 


Polyamide 


Kind 


PAQ 


PAS 


PA6 


Molecular weight 


22,000 


21.000 


22,000 


Montmorillonite {% by weight) 


t.26 


2.16 


- 


Transparency {%) 


4.9 


6.0 


5.1 


Oxygen permeability (m(/m2*24hr) 


0 % RH 


47 


37 


54 


100 % RH 


161 


129 


204 


Water vapor permeability (g/m2/24hr) 


11.9 


10.8 


14,5 


Slippage characteristic (jio) 


0,8 to 1 ,0 


0.7 to 0.9 


> 2.0 


Tensile strength at yield (kg/cm^) 


140 


150 


140 


Tensile strength at break (kg/cm^) 


3ao 


370 


390 


Elongation at break {%) 


520 


510 


560 


Tensile modulus (kg/cm^) 


2.700 


3.2Q0 


2.000 


Gelboflex (pinhole number) 


1 to 3 


4 to 6 


1 to 2 


Dart impact strength (kg 'cm) 


31 


35 


27 


Tensile characteristics were measured for MD. 


(Unmeasurable, Dart impact strength, see Table 2 for other technical terms) 



As is apparent from Examples 4 to 9 and Comparative examples 2 to 4, the polyamide film of the 
present iiwention is not only excellent in gas barrier property, transparency, slippage characteristic, impact 
resistance, but also has excellent rigidity, and therefore has good post-working characteristics such as 
40 printing, lamination, bag-making, etc. to be useful in practical applications particularly as the film for 
package of foods. 



Examples 10 to 12 

45 

One hundred grams of montmorillonite produced in Yamagata prefecture (cation exchange capacity 1 1 9 
milliequivalents/100 g, occupied area per one negative charge: tO0 A^) were dispersed in 3 liters of water, 
and 26.9 g of e-caprolactam and 24.1 g of cone, hydrochloric acid (cone. 36 %) were added thereto, 
followed by stirring at room temperature for 60 minutes. After further washed thoroughly, the mixture was 
so suction filtered by use of a Buchner funnel to obtain a composite under hydrous state. A part of the 
composite was sampled and the water content {the value obtained by the following formula: water 
content/hydrous composite, hereinafter the same) was measured to be 96 %. The interlayer distance of the 
composite of f-caprolactam and montmorillonite was found to be IS A. 

Next, by use of an autoclave equipped with a stirrer as the reaction vessel, the above hydrous 
55 composite was added to «-caprolactam at ratios shown in Table 5 <ths numerical value is represented in 
terms of parts by weight), followed by mixing under stirring. 

Then, under strinring, water was distilled out by elevating the temperature to 260 * C in a nitrogen gas 
stream. Then, heating was continued for additional 3 to 12 hours to obtain a composite material. 

16 
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The composite mSBI obtained was crushed by a hammer ml^^ashecl with hot water and then 
vacuum dried. The intertayer distance of the montmorillonite in the composite nnaterial after such treatment 
. was measured by the powdery X-ray /nethod. The results are shown in Table 5. 

Also, the composite materiaf obtained was molded into test strips, and by use of them, tensile test, heat 
5 distortion test and impact resistance test were conducted. The test methods were according to ASTM, The 
results are shown in Table 5. 

Comparative examples 5 to 7 

10 

One hundred grams of montmorillonite produced in Yamagata prefecture {cation exchange capacity 119 
mil!iequivalents/100 g, occupied area per one negative charge: 106 a^) were dispersed in 3 liters of water, 
and 51.2 g of 12-aminolauric acid and 24.1 g of cone, sulfuric acid (cone. 36 %) were added thereto, 
followed by stirring at room temperature for 60 minutes. However, in such reaction under room temperature, 
T5 no simitar composite to Examples 10 to 12 could be obtained. This was confirmed by carrying out 
dissolution and polymerization of e-capro(actam similarly as in Examples 10 to 12 to obtain a composite 
material, and measuring the interiayer distance (9.5 A) of the montmorillonite in the material and observing 
the state of the montmorillonite dispersed by means of a transmission type electron microscope {irregularly 
dispersed one layer by one layer without uniform dispersion, most forming large lumps of about 0.1 to 20 

Accordingly, after stiring under room temperature for 60 minutes as described above, stirring was 
further effected at SO * C for 60 minutes. Subsequently , after further washed with water thoroughly, the 
mixture was suction filtered with a Buchner funnel to obtain a composite under hydrous state. A part of the 
composite was sampied and tfie water content was measured to be 90 %. 
as Next, by use of an autoclave equipped with a stirrer as the reaction vessel, the above hydrous 
composite was added to s-caprolactam at ratios shown in Tabfe S. fotlowed by mixing under stirring. 

Then, under stirring in a nitrogen gas stream, water was distilled out by elevating the temperature to 
260 * C, Then, heating was further continued for 3 to 12 hours to give composite materials. 

By use of the composite materials, interiayer distances were measured similarly as in Examples 10 to 
30 12. and further tensile tests, etc. were conducted. The results are shown in Table 5. 
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As described in Examples 10 to 12. in the production process of the present invention, an organic . 
cation of lactam is used as the sweiiing agent, and therefore the treatment of the contacting step can be 
practiced under room temperature without heating. In contrast, heating up to 80 C is required in 

s Comparatfve examples 5 to 7. 

Also, as is apparent from Table 5, the heat distortion temperature was not elevated to higher than 1 53 
'C in Comparative examples 5 to 7. while it was improved by about 35 'C up to 165 C by the 
comparison of Examples 10 to 12. Strength, elongation, modulus and impact strength were equal to or 
higher than those of Comparative examples. 

to AS is apparent from Examples 10 to 12 and Comparative examples 5 to 7, according to a preferable 
production process of the present invention, the swelling temperature can be made lower, because an 
organic cation of lactam is used as the swelling agent in the contacting step. Also, according to the 
production process of the present invention, a polyamide composite material excellent in both mechanical 
strength and heat resistance can be obtained economically and efficiently. 



Examples 13 to IS 

By use of an autoclave equipped with a stirrer as the reaction vessel, lOO g of montmoriilonlte 
20 produced in Yamagata prefecture (cation exchange capacity 119 miilieuivalents/lOO g, occupied area per 
one negative charge: 106 A^ ) was dispersed in 3 liters of water, and e-capro!actam and phosphoric acid 
(pKa^a.l) were added thereto at the ratios shown in Table 6. followed by stirring at room temperature for 
60 minutes. Then, under stirring, the temperature was elevated to 260 ' C in a nitrogen gas stream and 
water was distilled off, followed by heating continued for 5 to 6 hours to give a polyamide composite 
25 material of the present invention. 

Ths composite material obtained was crushed by a hammer mill, washed with hot water and then 
vacuum dried. The interiayer distance of the montmorillonite in the composite material after such treatment 
was measured by the powdery X-ray method. Also, the composite material obtained was molded into test 
strips, and by use of them, tensile test, heat distortion test and impact resistance tests were conducted. The 
30 test methods were according to ASTM. The results are shown in Table 6. 



Comparative examples 8 to 10 

Composite materials were obtained in the same manner as in Example 13 except for using acetic acid 
(pKa = 4.8) in place of phosphoric acid as the acid, and the tests were conducted similarly. The results are 
shown in Table 6. 



40 Comparative examples 11 to 13 

Composite materials were obtained in the same manner as in Example 13 except for using hydrochloric 
acid {pKa--3) in place of phosplnoric actd as the acid, and the tests were conducted similarly. The results 
are shown in Table 6. 

45 

Comparative examples 14 to 16 

One hundred grams of montmorillonite produced in Yamagata prefecture (cation exchange capacity 1 19 
50 miiliequivalents/100 g, occupied area per one negative charge: 106 A^) were dispersed in 3 liters of water, 
and 51.2 g of l2-aminolauric acid and 24.1 g of cone, sulfuric acid (cone, 36 %) were added thereto, 
followed by stirring at room temperature for 60 minutes. Subsequently, after further washed with water 
thoroughly, the mixture was suction filtered with a Buchner funnel to obtain a composite under hydrous 
state. A part of the composite was sampled and the water content was measured to be 90 %. 
ss Then, by use of an autoclave equipped with a stirrer as the reaction vessel, the above hydrous 
composite was added to c-caprolactam at ratios shown in Table 6. followed by mixing under stirring. Then, 
under stirring in a nitrogen gas stream, water was distilled out by elevating the temperature to 260 C. 
Then, heating was furrier continued for 5 to 6 hours to give composite materials. 

19 



BMSDOCID: <eP_0358415A1 J_> 



BP 0 3S8 415 A1 



By use of the composite materials, the tests were conducted similarly as in Examples 13 to 15. The 
results are shown in Tabie 6. 
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As is apparent from Examples 13 to 15 and Comparative examples 8 to 16. according to a preferabfe 
production process of the present invention, by use of a specific acid in the mixing step, the production 
steps can be simplified (shortening of production time), to give a polyamide composite matenal further 
5 economically and efficiently. . ^. . * 

Also, both of the mechanical strength and the heat resistance of the molded article of the composite 
materia! obtained are excellent. 



10 Claims 

I. A material for a molded article and film having liquid or gas barrier property, comprising at least one 
of a polyamide resin and a resin mixture containing a polyamide resin, and a layered silicate uniformly 
dispersed therein. 

75 2. The material according to Claim 1, wherein the layered silicate has one side of 0.002 to 1 wm and a 
thickness of 8 to 20 A. and is uniformly dispersed In said at least on© of the polyamide resin and the resin 
mixture containing a polyamide resin, the respective layered silicates being separated from each other by 
20 A or more on an average. 

3. The material according to Claim 1. wherein the content of the layered silicate is 0.05 to 15 parts by 
20 weight based on 100 parts by weight of said at least one of the polyamide resin and the resin mixture 

containing a polyamide resin. 

4. The material according to Claim 1, wherein the content of the layered silicate is 0.1 to 10 parts by 
weight based on 100 parts by weight of said at least one of the polyamide resin and the resin mixture 
contsuning a polyamide resin. 

25 5. The material according to Claim 1, wherein the polyamide resin is at least one selected from the 
group consisting of polymers or copolymers obtained from e-caprolactam, 6-aminocaproic acid, <.>-enanth lac- 
tam, 7-aminoheptanoic acid, 11 -aminoundecanoic acid. 9-aminononanoic acid, a-pyrrolidone and a- 
piperidone; polymers or copolymers obtained by polycondensation of hexamethylenediamine. non- 
amethylenediamine, undecamethylenediamine. dodecamethyienediamine and metaxylylenediamine with 

30 terephthalic acid, isophthalic acid, ad i pic acid and sebacic acid; and blends of these. 

6. The material according to Claim 1 , wherein the polyamide resin has an average molecular weight of 
9.000 to 30.000. 

7. The material according to Claim 1 , wherein the resin mixture containing a polyamide resin is at least 
one selected from the group consisting of polypropylene. ABS resin, poiyphenylene oxide, polycarbonate, 

35 polyethyteneterephthalate and polybutyieneterephthalate. 

8. The material according to Claim 1, wherein the layered silicate is a layered phyllosilicate mineral 
constituted of at least one selected from the group consisting of magnesium silicate and aluminum silicate. 

9. The material according to Claim 1. wherein the layered silicate is at least one selected from the 
group consisting of montmorillonite, saponite. biderite. nontronite. hectorite. stevensite, vermicullite and 

40 haltoysite. 

10. A process for preparing a polyamide composite material comprises steps of: 

contacting a layered silicate having a cation exchange capacity of 50 to 200 miliiequivalents/100 g with an 
organic cation of a lactam which is a swelling agent in a dispersing medium, thereby obtaining a composite 
having the organic cation of the lactam adsorbed onto the layered silicate, 
45 mixing the composite with a polyamide monomer, and 

polymerizing the polyamide monomer in the mixture obtained in the mixing step. 

II. The process for preparing a polyamide composite materia! according to Claim 10, wherein the 
organic cation of lactam is a cation represented by the following formula: 



50 




S5 

where X is H or CHa, the group R is an atkyiene group represented by the formula •{CHa)„-. 

12. The process for preparing a polyamide composite material according to Claim 10, wherein the 
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dispersing medium is at feast one selected from the group consisting of water, methanol, etiianol. propanol, 
isopropanol. ethylene glycol. 1,4-butane diol and glycerins. 

13. The process for preparing a polyamide composite material according to Claim 10, wherein the 
amount of the dispersing medium is 5.000 parts by weight or lower based on 100 parts by weight of the 

5 composite obtained in the contacting step. 

14. The process for preparing a polyamide composite material according to Claim 10, wherein the 
polyamide monomer is at least one selected from the group consisting of 6-amlno-n-caprolc acid, 12- 
aminolauric acid, a-pyrro!idone, c-caprolactam and w-laurinlactam. 

15. TTie process for preparing a polyamide composite material according to Claim 10, wherein the 
10 polyamide monomer is formulated so that the layered silicate may be 0.05 to 150 parts by weight based on 

100 parts by weight of the polyamide in the composite materia! finally obtained. 

16. A process for preparing a polyamide composite material comprises the steps of: 

mixing a layered silicate having a cation exchange capacity of 50 to 200 milliequivaIents/100 g, a compound 
which becomes a swelling agent through the action of an acid, a polyamide monomer and an acid with pKa 
rs value of 0 to 3 in a dispersing medium, and 

polymerizing the polyamide monomer in the mixture obtained in the mixing step. 

17. The process for preparing a polyamide composite material according to Claim 16, wherein the 
amount of the acid with pKa value of 0 to 3 Is 0.05 to 5 equivalents relative to the total ion exchange 
capacity of the layered silicate. 

20 18. The use of a material comprising a polyamide resin or a resin mixture containing a polyamide resin, 
and a layered silicate uniformly dispersed therein, as a material for a molded article and film having liquid 
or gas barrier property. 
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